Despite the substantial (and growing) number of publications on gas hydrates, our understanding of symmetry aspects of their structure, formation mechanisms, and phase transitions is still incomplete. The adequate mapping of the symmetry of tetrahedrally coordinated water framework of gas hydrates requires a change in the Euclidean basis of the structural crystallography to a more general basis of projective/algebraic geometry. This is due, in particular, to the fact that the point symmetry group of the dodecahedron -the principal polyhedral cavity of the gas hydrate -is noncrystallographic. The main result of our work is the determination graphs of the polyhedral cavities of gas hydrates as the Euclidian implementations of the incidence graphs of specific subconfigurations of the finite projective plane PG(2,q), q=2,3,4. The number of specific subconfigurations of PG(2,q), q=2,3,4 is relatively small, and, therefore (like the simple forms in classical crystallography), all polyhedral cavities of gas hydrates can be enumerated. As an example, the graphs of 20-vertex polyhedral cavities are defined as subgraphs of the corresponding graphs of the Desargues configurations. It is shown that the polyhedral cavity of gas hydrate by means of reshuffling of the minimum number of bonds can be transformed into a diamond-like cluster corresponging to the ''conjugate'' subconfiguration of the same configuration. Thus, a set of conjugate subconfigurations defines a chain of hypothetical phase transitions in gas hydrates. Spatial unions of the polyhedral cavities of gas hydrates are also determined by constructions of algebraic geometry, in particular, by a fibration for the substructures of 8D lattice E 8 [1]. Various model of crystalline and non-crystalline [2] gas hydrates will correspond to the various fibrations associated with this main fibration. The point group of the lattice E 8 is of 2 14 3 5 5 2 7=696729600th order and contains the symmetry group of the polytope (a 4D analogue of the dodecahedron) whose unit cell is the dodecahedron . The principal result of our work is the construction of models of mutual transformations of gas hydrate rods and other tetrahedrally coordinated structures. The main advantage of the developed approach is the possibility of finding a minimal number of hydrogen bonds that one needs to reshuffle (or break) in order to realize all symmetrically allowable transformations in gas hydrates. The work has been partially funded by RFBR (project # 05-03-32539) and RAS (program #7).
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[1] CCDC refcodes: FIFQUG, ZIZYAI.
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